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Abstract 


Picralima nitida is used traditionally for management of cough. This study, therefore, investigated the 
antitussive, expectorant, and analgesic properties of the ethanolic seed extract of Picralima nitida (PNE), 
and ascertained its safety for use. Presence of secondary metabolites, and safety of PNE (10-2000 mg/kg) 
were evaluated by preliminary phytochemical screening, and by Irwin's test respectively. Percentage 
reduction in cough count, percentage increase in latency of cough, and percentage protection offered by 
PNE were established by the citric acid-induced cough, acetylcholine- and Histamine-induced 
bronchoconstriction models. Dunkin-Hartley guinea pigs were treated with 100-500 mg/kg PNE or 
reference drugs, dihydrocodiene, atropine, mepyramine. Expectorant property of PNE (100-1000 mg/kg) 
was determined using the tracheal phenol red secretion; with ammonium chloride as a reference 
medication. Percentage maximal possible analgesic effect in the tail immersion test and the total 
nociceptive score in acetic acid-induced abdominal writhes, after treatment of BALB/c mice with PNE 
(100-500 mg/kg), diclofenac, and morphine were also estimated. Phytochemical screening revealed the 
presence of tannins, alkaloids, glycosides, saponins, steroids, terpenoids and anthraquinones. PNEdid not 
cause any extract-related physical, pharmacological and CNS toxicities or mortality; sedation was observed 
at doses 1000-2000 mg/kg. It showed significant dose-dependent reduction in cough count, and increased 
cough latency. PNE (1000 mg/kg) enhanced tracheal phenol red secretion. PNE (100—500 mg/kg) 
significantly and dose dependently increased tail withdrawal latencies, and nociceptive score. PNE has 
antitussive, expectorant, and analgesic properties, with an LDs59»2000 mg/kg. 


Keywords: Tracheal phenol red secretion, Citric acid-induced cough, Total nociceptive score, Tail 
withdrawal latency, Picralima nitida 


INTRODUCTION 


Cough is defined as a forced expulsive maneuver, usually against a closed glottis which is associated with a 
characteristic sound (1). Cough can be the result of several respiratory tract disorders which may require 
drug treatment for its relief. Chronic cough is disturbing to the patient as it monumentally affects the 
patient's quality of life (2). 
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Bronchoconstriction is significant in cough induction since the process stimulates intrapulmonary rapidly 
adapting receptor (RAR), a type of cough receptor to cause or enhance the sensitivity of the cough (3). 
RAR activation initiates bronchospasm and mucus secretion via parasympathetic reflexes. 


Cough can be described as non-productive (dry) or productive (chesty). Antitussives are effective in 
managing non-productive cough but not as effective with productive cough except when the antitussive has 
expectorant property (4). Recently, many pharmacological agents have been shown to have both antitussive 
and expectorant effect making them useful for both chesty and dry cough (4). The essence of such dual 
effect is affirmed by the fact that many pharmaceutical formulations have such combination. Some herbal 
preparations have also shown both antitussive and expectorant effects (5,6,7). Cough just like other medical 
conditions lead to complications (8). Notable, worrisome and widely reported among them is pain (9,10). 
Cough and pain have many things in common; they originate in afferent nervous systems that detect and 
signal real or impending threats to the organism. There is therefore the need to find drugs with 
bronchodilator, expectorant, and analgesic properties. 


A lot of medicines have been used over the past centuries as cough suppressants or antitussives but due to 
various reasons, especially adverse effects, very few are still in use. The management of symptomatic 
cough has usually been with the opioid antitussives like codeine. Codeine and dextromethorphan were 
previously questioned due to their adverse effects, and recently the efficacy of codeine as a “gold standard” 
for cough has been found to be questionable (11). This has called for the need to find new effective 
antitussives with relatively less adverse effect. 


Picralima nitida is a plant that promises to be an effective antitussive. Apart from the evidence obtained 
from the indigenous population with regard to its efficacy in cough, other pharmacological properties 
confirmed on the plant by retrospective researchers give good reasons why the antitussive effect should be 
confirmed experimentally: the alkaloids in the plant have demonstrated significant activity on opioid 
receptors (12). Anti-inflammatory (13,14) antibacterial (15,16,17) as well as stimulatory effect on the 
Bo-adrenoreceptors in the trachea may all contribute to it being a potential therapeutically effective 
antitussive against several forms and etiologies of cough. 


This study, therefore, sought to establish the antitussive, expectorant, as well as analgesic properties of P. 
nitida after preliminary phyto-chemical screening, and Irwin's test which ascertain its safety for the use. 


MATERIALS AND METHODS 


Plant collection The pods of P. nitida were collected from the botanical garden, KNUST, Kumasi, Ghana, 
in December, 2012. This was authenticated by Dr. Kofi Annan, of the Department of Pharmacognosy, 
KNUST. 


Preparation of plant extract The pods of P. nitida were opened, and the seeds removed, air-dried, and 
milled into powder. A 3 kg quantity of the powder was extracted with 7096 ethanol by cold maceration over 
a 72 h period. The extract obtained was concentrated at 40?C and under low pressure using a rotary 
evaporator (Rotavapor R-210, Buchi, Switzerland) to a syrupy mass. The syrupy mass obtained was then 
dried in a hot air oven (Gallenkamp, UK) maintained at 40?C to obtain 0.389 kg (? yield: 12.996) of a solid 
mass of P. nitida extract (PNE) for use in this study. 


Drugs and chemicals Phenol red and sodium chloride (BDH Chemicals Ltd, Poole, England), sodium 
hydroxide (Avondale, England), ammonium chloride (Philip Harris, Hyde-Cheshire), citric acid (Fisons 
Scientific Equipment, Loughborough) and dihydrocodeine (Bristol Laboratories Ltd., UK) were some 
chemicals used in the current study. 


Animals Dunkin-Hartley guinea-pigs (270-350 g) and BALB/c mice (15-20 g) were all obtained from the 
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Animal house of the Department of Pharmacology, Faculty of Pharmacy and Pharmaceutical Sciences, 
KNUST; and fed on standard rodent pellet diet obtained from the Agricare Ltd, Tanoso, Kumasi, Ghana, 
and given water ad libitum. The animals were kept in the experimental area of the departmental animal 
house under ambient conditions of temperature, humidity, and light for 10 days prior to the 
experimentation. All animals were handled in accordance with the Guide for the Care and Use of 
Laboratory Animals and experiments were approved by the Faculty Ethics Committee. 


Phytochemical screening Preliminary phytochemical screening was conducted on PNE, to determine the 
secondary metabolites present, by methods described by Sofowora and Trease and Evans (18,19). 


Safety assessment This test was carried out as described earlier (20) to establish safe doses to use in this 
U study. In this test BALB/c mice were treated per os with distilled water or 10, 30, 100, 300, 1000 and 2000 
= mg/kg PNE and observed critically at times 0, 15, 30, 60, 120, and 180 min and then at 24 h. The animals 

7 were observed for acute toxicity including physical appearance, behavioral changes, central and autonomic 
nervous system effects, clinical symptoms and death. 


Antitussive effect of PNE The antitussive effect of PNE was investigated using the citric acid-induced 
cough model (21) with modifications, as well as the acetylcholine- and histamine-induced 
bronchoconstriction model (22,23). 


Citric acid-induced cough Guinea pigs were individually placed in a perspex chamber (24 x 14 x 24 cm) 
and exposed to 15% citric acid, delivered by an ultrasonic nebulizer, for 5 min. The animals were then 
monitored visually within this exposure time for cough; the latency and counts, of which, were taken as the 
basal values. The cough count was also taken for five minutes outside the chamber, post citric 
acid-exposure, as a way of monitoring its recovery. The guinea pigs were put into five groups, I-V, (n = 5) 
and treated orally as follows: Group I, 2 ml/kg normal saline, Group II, dihydrocodeine (20 mg/kg), Groups 
III-V PNE (100, 300 and 500 mg/kg, respectively). An hour later, the animals were again exposed to the 
citric acid and the latency of cough and cough count were recorded. The procedure was repeated at hours 2 

U and 3 after treatment. Antitussive activity was then evaluated in each guinea-pig as the percentage 

= reduction in the number of coughs, and percentage increase in latency of cough in comparison with the 

j previously established control basal value, calculated as below: 


Percentage reduction in cough count = [1 — (C2/C1)] x 100 (1) 
where, C1 isbasal values and C2 is thetotal number of coughs after treatment. 
Percentage increase in latency of cough = [(L2/L1)-1] x 100 (2) 
where, L1 isbasal values, and L2 is the latency of coughs after treatment. 


Acetylcholine- and histamine-induced bronchoconstriction In acetylcholine-induced 
bronchoconstric-tion, twenty five Dunkin-Hartley guinea pigs were each placed in a perspex chamber (24 x 
14 x 24 cm) and exposed to an atomized mist of 0.596 acetylcholine aerosol using a nebulizer. As exposure 
to acetylcholine causes respiratory distress and cough due to bronchoconstriction, time to onset of cough 
(TOC) was recorded as basal values for each animal. After 24 h (full recovery), the guinea pigs were 
grouped into five (n = 5) and given the following treatments: Group I, 2 ml/kg normal saline (control); 
Group II, 5 mg/kg atropine; Groups II-V, 100, 300, or 500 mg/kg PNE. After an hour, the animals were 
exposed to acetylcholine aerosol and TOC were determined. The protection offered by the treatment 
against bronchoconstriction and cough was calculated as follows: 


Percentage protection = [1 — (TOC1/TOC2)] x 100 (3) 


where, TOC1 is basal TOC, and TOC2 is TOC after drug treatment. 


https://ww w.ncbi.nlm.nih.gov/pmc/articles/PMC4852654/?report-printable 


The same protocol was used in histamine-induced bronchoconstriction, using 0.8% histamine and 8 mg/kg 
mepyramine. 


Expectorant property of PNE The expectorant effect of PNE was determined using the tracheal phenol red 
secretion as described previously (24,25). BALB/c mice, acclimatized for a week in the experimental 
laboratory, were grouped into six (n=5). Group 1, the control, was administered normal saline. Group 2 
received 1000 mg/kg ammonium chloride per os, while groups 3, 4, 5 and 6 received respectively 100, 300, 
500, and 1000 mg/kg PNE respectively. Treatments were continued for four (4) consecutive days. One hour 
after drug administration on day 4, all animals were injected intraperitoneally with 5% phenol red in normal 
saline (0.1 ml/10 g). Thirty minutes after phenol red injection, animals were sacrificed by cervical 
dislocation and their tracheae removed and each placed into 2 ml normal saline immediately. After 15 min 
of ultra-sonication, 2 ml of 596 sodium bicarbonate was added to the saline and the optical density of each 
mixture was measured at 558 nm using a UV/Visible spectro-photometer (UV-7501). 


Analgesic property of PNE The analgesic property of PNE was assessed by the tail immersion and acetic 
acid-induced abdominal writhing models. 


Tail immersion test 


The extreme end of the tail (3 cm) of BALB/c mice was immersed in a water of temperature 50 + 0.5°C. 
The time taken for the mouse to flick its tail was regarded as the tail withdrawal latency. A cut off latency 
of 10 s was set in order to prevent tissue damage. 


Selected mice were randomly assigned to ten groups, I-X, (n — 5) and treated as follows: Group I, normal 
saline (control), Groups II-IV, diclofenac treatment (10, 30 and 100 mg/kg, i.p, respectively); Groups V-VII, 
morphine treatment (1, 3 and 10 mg/kg, i.p, respectively); Group VIII-X, PNE treatment (100, 300 and 500 
mg/kg, p.o respectively). Thirty minutes after intraperitoneal administra-tion or an hour after oral 
administration, their tail was immersed in the water bath at times 30, 60, 90, 120, 150, 180 min and the 
post-drug latency was determined. The percentage maximal possible effect (7o MPE) was calculated from 
the reaction times using the following formula: 


%MPE= [(T2-T1) / (Tg-T4)]*x100 (4) 
where, T, and T; are the pre- and post- drug treatment latency times, and To is the cut-off time 
Acetic acid-induced writhing assay 


The test was done with the method as described previously (26) with slight modifications. BALB/c mice 
were divided into seven groups, I-VI, (n = 5) and received the following treatment: Group I, Normal saline 
(control); Groups II-IV, diclofenac treatment (10, 30, or 100 mg/kg, i.p respectively); Groups V-VII, PNE 
treatment (100, 300, or 500 mg/kg, p.o, respectively). Thirty minutes (for orally administered drugs) or 1 h 
(for drugs administered intraperitoneally) later, the mice were injected with acetic acid (0.6 9o, 10 ml/kg, 
i.p.) and each placed individually in a perspex chamber (testing chamber: 15 x 15x 15 cm). A mirror 
inclined at 45? below the floor of the chamber allowed a complete view of the mice. Ten minutes after 

J acetic acid administration, responses were captured (for 20 min) by a camcorder (EverioTM, model 

= GZ-MG1300, JVC, Tokyo) placed directly opposite the mirror and attached to a computer for analysis. 

x Acetic acid-induced writhing is characterized by extension of the abdomen combined with the outstretching 

of the hind limbs. The behavior was tracked by JWatcher TM Version 1.0 (University of California, Los 

Angeles, USA and Macquarie University, Sidney, Australia available at http://www.jwatcher.ucla.edu/). The 


antinociceptive effect was ascertained by the extent to which the various treatments reduced the number of 
writhes in the animals. 


Data analysis Data obtained were expressed as mean + SEM. Statistical analyses were done by analysis of 
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variance (ANOVA) followed by Dunnett's Multiple Comparison test (post-hoctest) using Graph-Pad Prism 
for Windows Version 6.0. 


RESULTS 


Preliminary phytochemical screening Preliminary phytochemical screening of PNE indicated the presence 
of alkaloids, tannins, steroids, glycosides, anthraquinones, and terpenoids. 


Safety assessment Cage side examination of mice (even up to two weeks) revealed no physical signs of 
toxicity (such as unkemptness, hair loss or ulcers on the skin), neurotoxicity, stimulation of autonomic 
function, or CNS excitation or depression with PNE treatment at doses of 10, 30, 100 and 300 mg/kg 
relative to control mice. However, mild sedation was observed at doses of 1000 and 2000 mg/kg. No 
mortality was recorded at all doses. 


Antitussive effects Our results showed that both dihydrocdeine and PNE (100, 300, and 500mg/kg) 
dose-dependently reduced (P<0.05) cough count, and increased significantly (P<0.01) the latency of cough 
(Fig. 1). Atropine and PNE (100, 300, 500 mg/kg) significantly (P<0.05-0.0001) protected the animals 
against bronchoconstriction and cough induced by acetylcholine. The percentage protection offered by 
PNE was dose-dependent (Fig. 2). Similarly, mepyramine and PNE (300, 500 mg/kg) reduced significantly 
(P<0.01-0.0001) bronchoconstriction and cough induced by histamine (Fig. 3). 


Expectorant property of PNE PNE at doses of 100, 300, 500 mg/kg did not show any significant increase 
(P>0.05) in tracheal phenol red secretion, compared to the control. However, the 1000 mg/kg dose 
exhibited a significant effect (P<0.05) although lesser in magnitude than that for ammonium chloride 
(P<0.01), the reference expectorant drug (Fig. 4). 


Analgesic property of PNE Tail immersion test 


Both PNE and the reference drugs, compared to the control, caused an incr compared to the control, 
caused an increase in the tail withdrawal latency, calculated as a percentage of ?o MPE. There were 
significant effects of drug treatment on tail withdrawal latencies (PNE: P<0.0001; diclofenac: P<0.0001; 
morphine: P<0.0001) (Figs. 5a, 5c, and 5e). PNE (100-500 mg/kg) dose dependently increased (P<0.0001) 
tail withdrawal latencies. Diclofenac (10—100 mg/kg) likewise exhibited increased tail withdrawal latencies 
(P = 0.0002). Morphine (1-10 mg/kg) also showed a significant (P<0.0001) and dose dependent increase in 
tail withdrawal latencies (Figs. 5b, 5d, and 5f). 


Acetic acid-induced writhing assay 


PNE (100, 300, 500 mg/kg) and diclofenac (10, 30, 100 mg/kg) suppressed this writhing (Fig. 6). There 
were significant effects of drug treatment on number of writhes (PNE: P<0.0001; diclofenac: P<0.0001) 
compared to the control (Figs. 6a, 6c). PNE significantly and dose- dependently reduced abdominal writhes 
over the 20 min observation (P<0.0001; Fig. 6b). Diclofenac also significantly reduced abdominal writhes 
(P<0.0001; Fig. 6d). 


» DISCUSSION 


This study investigated antitussive, expectorant, and analgesic properties of the PNE, and ascertained its 
safety for use. To achieve this, preliminary phytochemical screening and an acute exposure safety profile 
test were conducted. Phytochemical screening revealed the presence of tannins, alkaloids, glycosides, 
saponins, steroids, terpenoids and anthraquinones which could possibly contribute to the antitussive, 
expectorant and the analgesic effects being studied. It was determined from the safety studies that PNE has 
an LDs59>2000 mg/kg. This obviously speaks well of the safety of the extract. The reduction in cough 
count, increase in latency of cough, and finally the protection offered by PNE against histamine and 
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acetylcholine all give an indication of the extract's antitussive potential. The expectorant property of PNE 
as confirmed in this work will make it a remedy for productive cough. PNE demonstrated analgesic effect 
indicating its possible effectiveness in the management of pain associated with cough. 


Guinea pigs were used in the antitussive investigation because their airways possess the needed afferent 
nerves and can produce cough, just like in humans (27). Cough was detected with a characteristic sound 
and by stretching of limbs accompanied by inspiration and then expiration similar to that described by 
Morice and coworkers (1). These criteria were adopted so as to distinguish it from other respiratory reflexes 
like sneezing and expiratory reflex. As a tussigenic agent when inhaled, citric acid is known to stimulate 
transient receptor potential vanilloidlon the C-fibers. This then causes the release of tachykinnins to 
mediate bronchoconstriction and mucus secretion, which in turn stimulates RAR (28,29), a widely studied 
cough receptor. The impulse is then conveyed through the vagus nerve to the CNS and then back to 
respiratory muscle through the efferent pathway to cause cough. From the results obtained, dihydrocodeine 
and PNE were found to be effective antitussive agents. Dihydrocodeine was used as the positive control 
because it is the second most specific antitussive of the commonly used opioids (30). Dihydrocodeine acts 
on the p opioid receptors to suppress the cough reflex (31). PNE also exhibited a dose-dependent 
antitussive effect reducing both the cough count and latency of cough, similar to dihydrocodeine. 


Unlike the C-fiber, it is very difficult to get a chemical which directly stimulates the RAR. Rather, 
stimulation of RAR relies on indirect effects like bronchoconstriction and presence of mucus (29); hence, 
the essence of establishing the antitussive effect of PNE using the acetylcholine and histamine-induced 
bronchoconstriction model. 


Acetylcholine causes bronchoconstriction by interacting with the M5 and M3 receptors on the airway 
smooth muscle of guinea pigs. The M3 muscarinic receptors mediate smooth muscle contraction. 
Stimulation of these receptors by acetylcholine activates inositol triphosphate (IP4) - and phosphoinositide- 
specific phospholipase C to increase intracellular calcium. This results in contraction of airway smooth 
muscle (32). The M3 muscarinic receptors also mediate mucus, water and electrolyte secretion (33). Blood 
vessels of the tracheobronchial circulation dilate in response to acetylcholine released by vagal nerve 
stimulation (34,35). This acetylcholine-induced vasodilatation is un-doubtedly mediated by M3 receptors 
(34). Majority of the muscarinic receptors on airway smooth muscle are M» (36). They, however, appear to 
inhibit beta-adrenoceptor-induced bronchodilation by preventing the activation of adenylate cyclase and 
calcium -dependent potassium ion channels (37). 


Histamine causes bronchoconstriction by stimulation of H; receptors on smooth muscles in the airways 
(38). Mucosal oedema from increased vascular permeability in addition to mucus secretion is also mediated 
by the H, receptor (39). Histamine also induces airway smooth muscle contraction, reflex hyperpnoea and 
bronchoconstriction indirectly via stimulation of lung irritant receptors through vagal (cholinergic) 
pathways (29,40). 


The abolishing of bronchoconstriction by PNE, seen as significant increase in TOC and hence increased 
percentage protection to induced bronchoconstriction and cough. Its antitussive effect therefore could be 

3 based on its reduced stimulation of RAR, as bronchoconstriction enhances RAR activity. The fact that PNE 
inhibited broncho-constriction induced by acetylcholine and histamine (in a manner similar to atropine and 
mepyramine) could also bring to mind that PNE could have component(s) acting via antimuscarinic or 
antihistaminic mechanisms to inhibit bronchoconstriction and onset of cough. It could also be due to the 
activities of phytochemicals present in PNE which is discussed later on in this section. It should also be 
emphasized that the bronchodilator effect established also contributes to its mucokinetic effect as cough 
clearance also depends on the properties of tracheal mucus (41). Antimuscarinics decrease tracheal and 
bronchial mucus secretion (muco-suppressant effect) by inhibiting muscarinic receptor mediated mucus 
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secretions which would stimulate RAR to induce cough. These RAR receptors comprise of fibers that fire in 
response to tussive stimuli leading to the elicitation of the cough reflex. Their activity is largely increased by 
mechanical stimuli such as mucus secretion or oedema (42). 


Antihistamine activity could also alleviate cough. Older-generation antihistamines have been proposed to 
= possess antitussive effects via a peripheral indirect mechanism involving cholinergic mechanisms (43). 
Consistent with this premise is the fact that some antihistamines possess anticholinergic actions (44). 


= This mechanism cannot be conclusive as direct acting bronchodilators like B? agonist may have similar 
effect (45). For instance, the cough due to bronchiectasis may be successfully controlled with inhaled B2 
agonist, which apart from reversing any bronchoconstriction, also improves mucocilliary clearance. 


The inhibition of bronchoconstriction shown by PNE in this study could in a way be attributed to the 
alkaloids because of their stimulatory effect on the opioid receptors. Previously, the various alkaloids in the 
plants have shown significant activity on the various opioid receptors (12). Phytochemical screening 
confirmed the presence of alkaloids. The significant antitussive effect observed therefore could be 
attributed to the activity of the alkaloids of the extract on the opioid receptors. Opioids are known to inhibit 
non-adrenergic non-cholinergic nerve-mediated bronchoconstrictor responses both in vitro in guinea pig 
bronchi (46) and in vivo in guinea pig airways (47). Akuammidine and akuammicine as u and k agonists 
respectively may contribute to the antitussive effect. It can also be added that akuammidine may be acting 
through the u2 activity since it has been established that antitussive action of -agonists occurs via 
u2-receptors (48,49). 


To determine the expectorant activity of PNE, the trachea phenol red secretion assay was used. This model 
is developed on a principle that when phenol red is injected after an expectorant is given for four 
consecutive days, there will be enhancement of phenol red secretion from the trachea. PNE at doses of 100, 
300 and 500 mg/kg did not cause significant phenol red secretion from the trachea. Ammonium chloride 
and 1000 mg/kg PNE however caused significant tracheal phenol red secretion. Ammonium chloride is 
known to irritate the bronchial mucosa; leading to the production of excess fluid in the tracheobronchial 
airways for easier clearance of mucus (50) 


The fact that the higher dose of PNE gave similar results as ammonium chloride indicates that PNE has 
expectorant effect at high doses. The basis for using expectorants as cough relieving agentslaysin the 
possibility that alteration of the volume of secretions or their composition will lead to suppression of the 
cough reflex (51). Cough and pain have many things in common; they originate in afferent nervous systems 
that detect and signal real or impending threats to the organism. As with pain, cough can also be evoked in 
experimental animals by stimulation of nociceptive C-fibres as well as by faster conducting Aó-fibres (52). 
Several stimulants known to selectively stimulate nociceptive C-fibres (e.g. capsaicin, bradykinin) also 
evoke cough in laboratory animals and humans (53). Central sensitization that has been known to cause 
allodynia also results in hypertussive states. From the results obtained from the tail immersion test, PNE 
showed significant antinociceptive effect at all the doses given. This was also observed for both diclofenac 

s and morphine. The thermal model of the tail immersion test is considered to be a spinal reflex, but could 
also involve higher neural structures and this method identifies mainly central analgesics (54,55). As such it 
fits as a model to test centrally acting analgesics. Consequently, the extract can be said to be acting through 
a centrally mediated pathway by elevating pain threshold of animals towards heat. 


The writhing test helps in identifying central and peripheral analgesic compounds (55). The extract may act 
via either of the two pathways. The peripheral mechanisms can be due to reduction of sensitization by such 
agents like prostaglandins. The probable non-sensitizing role of PNE was demonstrated in the antitussive 
experiment. The experiment confirms the analgesic effect (56) of P. nitida which may be due to the activity 
of the alkaloid akuammidine which is known to be an agonist at u receptors. 
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From the preliminary phytochemical screening conducted, PNE has been shown to contain alkaloids, 
glycosides, tannins, saponins, terpenoids, steroids and anthraquinones. Consequently, these secondary 
metabolites will be the ones responsible for the antitussive and other activities that have been established 
for the plant in this work. Retrospective experiments have given similar secondary metabolites (57,58). 
Alkaloids in PNE could have contributed to its antitussive and analgesic activity as these have shown to 
have activity on p and k opioid receptors e.g. the alkaloid akuammidine acts as an agonist on p receptors 
(12), while akuammicine is a k agonist. Both u (especially n2) and k receptor ligands mediate antitussive 
activity (49,59). The antitussive effect established therefore could suggest the involvement of akuammidine 
and akuammicine. Apart from the alkaloids, other secondary metabolites will all have a role in one way or 
the other in making the plant exhibit the effects that has been established: it has severally been reported 
that saponins confer expectorant activities on plants (60,61). Various tannins have also exhibited 
antimicrobial activity against broad spectrum organisms (62,63). Such antibacterial effect will contribute to 
the cough suppressive effect since bacterial infection has been implicated in cough and antibiotics are 
usually taken for cough remediation (64). 


It was determined from the safety studies that PNE has an LDs9>2000 mg/kg. This safety profile has also 
been established in a study by N'dri in which a phytochemical and toxicological study was conducted on 
the seed extract of P. nitida where the LD50 was about 9000 mg/kg (65). This obviously speaks well of the 
safety of the extract. 


CONCLUSION 

: The ethanolic seed extract of P. nitida has antitussive, expectorant (only at high doses), and analgesic 

3 properties, as well as a good safety profile; with an LD50 >2000 mg/kg. 

ACKNOWLEDGEMENTS 

We are grateful for the technical support of the Department of Pharmacology, Kwame Nkrumah University 
of Science and Technology, Kumasi, Ghana, and especially to Mr. Thomas Ansah. 

REFERENCES 


1. Morice AH, Fontana GA, Belvisi MG, Birring SS, Chung KF, Dicpinigaitis PV, et al. ERS guidelines on 
the assessment of cough. Eur Respir J. 2007;29:1256—1276. [PubMed: 17540788] 


2. Birring SS, Prudon B, Carr AJ, Singh SJ, Morgan MD, Pavord ID. Development of a symptom specific 
health status measure for patients with chronic cough: Leicester Cough Questionnaire (LCQ) Thorax. 
2003;58:339—343. [PMCID: PMC1746649] [PubMed: 12668799] 


3. Pavord ID. Cough and asthma. Pulm Pharmacol Ther. 2004;17:399—402. [PubMed: 15564083] 


4. Dicpinigaitis V, Gayle YE. Effect of guaifenesin on cough reflex sensitivity. Chest. 2003; 124:2178-2181. 
[PubMed: 14665498] 


5. Chakraborty R, De P, Devanna N, Sen S. Antitussive, expectorant activity of Marsilea minuta L., an 
Indian vegetable. J Adv Pharm Technol Res. 2013;4:61—64. [PMCID: PMC3645357] [PubMed: 23662283] 


6. Koffuor GA, Ofori-Amoah J, Kyei S, Antwi S, Abokyi S. Anti-tussive, muco-suppressant and 
expectorant properties, and the safety profile of a hydro-ethanolic extract of Scoparia dulcis. Int J Basic 
Clin Pharmacol. 2014;3:447—453. 


7. Song KJ, Shin Y, Lee KR, Lee EJ, Suh YS, Kim KS. Expectorant and antitussive effect of Hedera helix 
and Rhizoma coptidis extracts mixture. Yonsei Med J. 2015;56:819—824. [PMCID: PMC4397455] 
[PubMed: 25837191] 


https://ww w.ncbi.nlm.nih.gov/pmc/articles/PMC4852654/?report-printable 


8. Irwin RS, Glomb WB, Chang AB. Habit cough, tic cough, and psychogenic cough in adult and pediatric 
populations: ACCP evidence-based clinical practice guidelines. Chest. 2006;129:174S—179S. 
[PubMed: 16428707] 


9. Perini F, Toso V. Benign cough “cluster” headache. Cephalalgia. 1998;18:493—494. [PubMed: 9793704] 


10. Pascual J, Gonzalez-Mandly A, Martyn R, Oterino A. Headaches precipitated by cough, prolonged 
exercise or sexual activity: a prospective etiological and clinical study. J Headache Pain. 2008;9:259—-266. 
[PMCID: PMC3452197] [PubMed: 18751938] 


11. Bolser DC, Davenport PW. Codeine and cough: An ineffective gold standard. Curr Opin Allergy Clin 
Immunol. 2007;7:32-36. [PMCID: PMC2921574] [PubMed: 17218808] 


12. Menzies JR, Paterson SJ, Duwiejua M, Corbett AD. Opioid activity of alkaloids extracted from 
Picralima nitida (fam. Apocynaceae) Eur J Pharmacol. 1998;350:101—108. [PubMed: 9683021] 


13. Obiri, DarkoD . Studies on anti-inflammatory activity of extracts from seeds of picralima nitida. Accra: 
KNUST; 1994. 


14. Duwiejua M, Woode E, Obiri D. Pseudo-akuammigine, an alkaloid from Picralima nitida seeds, has 
anti-inflammatory and analgesic actions in rats. J Ethnopharmacol. 2002;81:73—79. [PubMed: 12020930] 


15. FakeyeTO, Itiola OA, Odelola HA. Evaluation of the antimicrobial property of the stem bark of 
Picralima nitida (Apocynaceae) Phytother Res. 2000;14:368—370. [PubMed: 10925406] 


16. Nkere CK, Iroegbu CU. Antibacterial screening of the root, seed and stem bark extract of Picralima 
nitida. Afri J Biotechnol. 2005;4:522—526. 


17. Kouam J, Mabeku LBK, Kuiate JR, Tiabou AT, Fomum ZT. Antimicrobial glycosides and derivatives 
from roots of Picralima nitida. Int J Chem. 2011;3:23-31. 


18. Sofowora A. Medicinal plants and traditional medicine in Africa. 2nd ed. Ibadan: Spectrum Books Ltd; 
1993. p. 150. 


19. Trease GE, Evans WC. A textbook of pharmacognosy. 13th ed. London: BacilliereTinal Ltd; 1989. pp. 
176—180. 


20. Warburton DM. Comprehensive observational assessment: A systematic, quantitative procedure for 
assessing the behavioral and physiological state of the mouse. Psychopharmacologia (Berl.) 
1968;13:222—257. Psycopharmacology (Berl) 2002;163:4-8. 


21. Yuebin G, Jiaqi L, Dongfang S. In vivo evaluation of the anti-asthmatic, antitussive and expectorant 
activities of extract and fractions from Elaeagnuspungens leaf. J Ethnopharmacol. 2009;126:538—542. 
[PubMed: 19735714] 


22. Kumar A, Ramu P. Effect of methanolic extract of Benincasa hispida against histamine and 
acetylcholine-induced bronchospasm in guinea pigs. Indian J Pharmacol. 2002;34:365—366. 


23. Kumar D, Bhujbal SS, Deoda RS, Mudgade SC. In-vitro and in-vivo antiasthmatic studies of Ailanthus 
excelsa on Guinea pigs. J Sci Res. 2010;2:196—202. 


24. Engler H, Szelenyi I. Tracheal phenol red secretion a new method for screening mucosecetolyic 
compounds. J Pharmacol Methods. 1984;11:151—157. [PubMed: 6738080] 


25. Zhang JL, Wang H, Pi HF, Ruan HL, Zhang P, Wu JZ. Structural analysis and antitussive evaluation of 
five novel esters of verticinone and bile acids. Steroids. 2009;74:424—434. [PubMed: 19154752] 


https://ww w.ncbi.nlm.nih.gov/pmc/articles/PMC4852654/?report-printable 


26. Amresh G, Singh PN, Rao V. Antinociceptive and antiarthritic activity of Cissampelos pareira roots. J 
Ethnopharmacol. 2007;111:531—536. [PubMed: 17240096] 


27. Agrawal DK, Bergren DR, Byorth PJ, Townley RG. Platelet-activating factor induces non-specific 
desensitization to bronchodilators in guinea pigs. J Pharmacol Exp Ther. 1991;259:1—7. [PubMed: 1920110] 


28. Bonham AC, Kott KS, Ravi K, Kappagoda CT, Joad JP. Substance P contributes to rapidly adapting 
receptor responses to pulmonary venous congestion in rabbits. J Physiol. 1996;493:229—238. 
[PMCID: PMC1158964] [PubMed: 8735708] 


29. Canning BJ, Reynolds SM, Mazzone SB. Multiple mechanisms of reflex bronchospasm in guinea pigs. J 
Appl Physiol. 2001;91:2642—2653. [PubMed: 11717230] 


30. Eddy NB, Friebel H, Hahn KJ, Hans H. Codeine and its alternates for pain and cough relief. Bull World 
Health Org. 1969;40:721—730. [PMCID: PMC2554504] [PubMed: 4898386] 


31. Kamei J. Role of opioidergic and serotonergic mechanisms in cough and antitussives. Pulm Pharmacol. 
1996;9:349-356. [PubMed: 9232674] 


32. Roffel A, Elzinga C, Zaagsma J. Muscarinic M3 receptors mediate contraction of human central and 
- peripheral airway smooth muscle. Pulm Pharmacol. 1990;3:47—51. [PubMed: 2152027] 


^ 33. Ramnarine SI, Haddad EB, Khawaja AM, Mak J, Rogers DF. On muscarinic control of neurogenic 
mucus secretion in ferret trachea. J Physiol. 1996;494:577—586. [PMCID: PMC1160657] 
[PubMed: 8842014] 


34. Walch L, Norel X, Leconte B, Gascard J, Brink C. Cholinergic control of human and animal pulmonary 
vascular tone. Therapie. 1998;54:99—102. [PubMed: 10216432] 


35. Coulson FR, Fryer AD. Muscarinic acetylcholine receptors and airway diseases. Pharmacol Ther. 
2003;98:59—69. [PubMed: 12667888] 


36. Haddad E, Mak J, Hislop A, Haworth SG, Barnes PJ. Characterization of muscarinic receptor subtypes 
in pig airways: radioligand binding and northern blotting studies. Am J Physiol. 1994;266:L642—L 648. 
[PubMed: 8023952] 


37. Schramm CM, Arjona NC, Grunstein MM. Role of muscarinic M2 receptors in regulating 
beta-adrenergic responsiveness in maturing rabbit airway smooth muscle. Am J Physiol. 1995;269:783—790. 


38. Simons FE, Simons KJ. Clinical pharmacology of new histamine H1 receptor antagonists. Clin 
Pharmacokinet. 1999;36:329-352. [PubMed: 10384858] 


39. White MV. The role of histamine in allergic diseases. J Allergy Clinlmmunol. 1990;86:599—605. 


40. Mills JE, Sellick H, Widdicombe JG. Activity of lung irritant receptors in pulmonary microembolism, 
anaphylaxis and drug-induced bronchoconstrictions. J Physiol. 1969;203:337-357. 
[PMCID: PMC1351448] [PubMed: 5796467] 


41. Rubin BK. Cough: causes, mechanisms and therapy. San Francisco: Department of Medicine, University 
of California; 2004. Mucoactive agents for the treatment of cough; pp. 269—281. 


42. Reynolds SM, Mackenzie AJ, Spina D, Page CP. The pharmacology of cough. Trends Pharmacol Sci. 
2004;25:569—576. [PubMed: 15491779] 


43. Pratter MR. Chronic upper airway cough syndrome secondary to rhinosinus diseases (previously 
referred to as postnasal drip syndrome): ACCP evidence-based clinical practice guidelines. Chest. 
2006;129:63S—71S. [PubMed: 16428694] 


https://ww w.ncbi.nlm.nih.gov/pmc/articles/PMC4852654/?report-printable 


44. Orzechowski RF, Currie DS, Valancius CA. Comparative anticholinergic activities of 10 histamine H1 
receptor antagonists in two functional models. Eur J Pharmacol. 2005;506:257—264. [PubMed: 15627436] 


45. Katzung GB, Masters SB, Trevor AJ. Basic and clinical pharmacology. 12th ed. USA: Appleton and 
Lange; 2012. p. 344. 


46. Frossard N, Barnes PJ. Mu-opioid receptors modulate non-cholinergic constrictor nerves in guinea-pig 
airways. Eur J Pharmacol. 1987;141:519—522. [PubMed: 2444446] 


47. Belvisi MG, Chung KF, Jackson DM, Barnes PJ. Opioid modulation of non-cholinergic neural 
bronchoconstriction in guinea-pig in vivo. Br J Pharmacol. 1988;95:413-418. [PMCID: PMC1854171] 
[PubMed: 2465805] 


48. Kamei J, Iwamoto Y, Kawashima N, Suzuki T, Nagase H, Misawa M, et al. Possible involvement of 
u2-mediated mechanisms in pi-mediated antitussive activity in the mouse. Neurosci Lett. 
1993;149:169—172. [PubMed: 8386345] 


49. Kamei J, Iwamoto Y, Suzuki T, Misawa M, Nagase H, Kasuya Y. The role of the u2-opioid receptor in 
the antitussive effect of morphine in u1-opioid receptor-deficient CXBK mice. Eur J Pharmacol. 
1993;240:99-101. [PubMed: 8405130] 


y 50. Lin BQ, Li PB, Wang YG, Wei P, Zhong W, Su WW, et al. The expectorant activity of naringenin. Pulm 
3 Pharmacol Ther. 2008;21:259-263. [PubMed: 17664077] 


51. Chung KF. Clinical Cough VI: The need for new therapies for cough: disease-specific and 
symptomrelated antitussives. In: Chung KF, Widdicombe J, editors. Handbook of experimental 
pharmacology. Verlag Berlin Heidelberg: Springer; 2008. pp. 344—361. 


52. Canning BJ, Mazzone SB, Meeker SN, Mori N, Reynolds SM, Undem BJ. Identification of the tracheal 
and laryngeal afferent neurones mediating cough in anaesthetized guinea-pigs. J Physiol. 
2004;557:543-558. [PMCID: PMC1665106] [PubMed: 15004208] 


53. Fuller RW. Pharmacology of inhaled capsaicin in humans. Respir Med. 1991;85:31—34. 
[PubMed: 2034834] 


54. Jensen TS, Yaksh TL. Comparison of antinociceptive action of morphine in the periaqueductal gray, 
medial and paramedial medulla in rat. Brain Res. 1986;363:99—113. [PubMed: 3004644] 


55. Le Bars D, Gozariu M, Cadden SW. Animal models of nociception. Pharmacol Rev. 2001;53:597—652. 
[PubMed: 11734620] 


56. Ansa-Asamoah R, Ampofo AA. Analgesic effect of crude extracts of P. nitida seeds. Afri J Pharmacol. 
1986;1:35-38. 


57. Mabeku LBK, Kouam J, Paul A, Etoa FX. Phytochemical screening and toxicological profile of 
methanolic extract of Picralima nitida fruit rind (Apocynaceae) Toxicol Environ chem. 2008;90:815—828. 


58. Obasi NA, Okorie UC, Enemchukwu BN, Ogundapo SS, Otuchristian G. Nutritional evaluation, 
phytochemical screening and antimicrobial effects of aqueous extract of Picralima nitida peel. Asian J Biol 
Sci. 2012;5:105-112. 


59. Kamei J, Tanihara H, Kasuya Y. Antitussive effects of two specific kappa-opioid agonists, U-50,488H 
and U-62,066E, in rats. Eur J Pharmacol. 1990;187:281—286. [PubMed: 2272363] 


60. Okach DO, Nyunya ARO, Opande G. Phytochemical screening of some wild plants from Lamiaceae 
and their role in traditional medicine Uriri District — Kenya. International Journal of Herbal Medicine. 


https://ww w.ncbi.nlm.nih.gov/pmc/articles/PMC4852654/?report-printable 


2013;1:135-143. 


61. Edeoga HO, Okwu DE, Mbaebie BO. Mineral and nutritive value of some Nigerian medicinal plants. J 
Medi Aroma Plant Sci. 2003;25:689-694. 


62. Chung KT, Stevens SE, Jr, Lin WF, Wei CI. Growth inhibition of selected food-borne bacteria by tannic 
acid, propyl gallate and related compounds. Lett Appl Microbiol. 1993;17:29-32. 


63. Burapadaja S, Bunchoo A. Antimicrobial activity of tannins from Terminalia citrina. Planta Med. 
1995:61:365. [PubMed: 7480186] 


64. Dowell SF, Schwartz B, Phillips WR. Appropriate use of antibiotics for URIs in children: Part II. cough, 
pharyngitis and the common cold. Am Fam Physician. 1998;58:1335—1342. [PubMed: 9803198] 


65. N'dri FKK. Phytochemical and toxicological studies of an extract of the seed of Picralima nitida 
(Stapf) (Apocynaceae) ant its pharmacological effects on the blood pressure of rabbits. J Biol Life Sci. 
2015;6:116—128. 


Figures and Tables 


https://ww w.ncbi.nlm.nih.gov/pmc/articles/PMC4852654/?report-printable 


Jos uueud Sa f 


IS WEU SAY ( 


Ud seg f 


Fig. 1 

80 2. NS 200 
E æ DC 2 Giso 
=g% =- PNE 100 2 2-2 A 
a 8 =- PNE30 EZ 
O 9 —- on 
ERTA =- PNE500  E£ZSl00 
2 ep - D o 
eoo S = = 
x o 20 2 2 50 

0 0 

€ 
+ NS 

ore =- DHC 20 0 m 
= = > F 
g 8 - PNEIO 3,9 
3c =- PNE 300 B22: 
H o -— PNE 500 Ega 
. 0 S 7 'g 
O 3 E o 


Time (h) 


Treatments (mg/kg) 


T 


Effects of PNE, dihydrocodeine (DHC), and normal saline (NS) on the time course curve of a; percent of reduction in cough 
count and c; percent of increase in latency to cough and b and d; their AUC's respectively in the citric acid-induced cough test. 
*P<0.0001, ***P<0.001, **P<0.01, *P<0.05, compared to vehicle-treated 
group (ANOVA followed by Dunnett’spost-hoc test). 


Data plotted are means + SEM; (n= 5). 
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Effect of PNE, atropine (ATR) and normal saline (NS) on acetylcholine-induced bronchoconstriction. Values plotted are 
means + SEM; (n = 5). ****P<0.0001, ***P<0.001, *P<0.05, compared to vehicle-treated group (ANOVA followed by 
Dunnett's post-hoc test). 
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Fig. 3 
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Effect of PNE, mepyramine (MEP) and normal saline (NS) on bronchospasm induced by histamine. Values plotted are means 


test). 
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Effect of PNE, ammonium chloride (NHA4CI), and normal saline id on tracheal phenol red secretion in mice as a measure 


of the expectorant effect. Values plotted are means + SEM; (n = 5). **P«0.01, *P<0.05 compared to vehicle-treated group, 
(ANOVA followed by Dunnett's post-hoc test). 
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Effect of PNE, diclofenac (D), morphine (M) and normal saline (NS) on the time course curve a, c and e; of the tail 


immersion test and b, d and f; the AUC in rats. Values plotted are means 4 
**p«0.01, *P<0.05 compared to vehicle-treated group, (ANOVA follow 
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Effect of PNE, diclofenac (D) and normal saline (NS), a and c; on the time course curve of acetic acid-induced abdominal 


writhes; and b and d; on the total nociceptive score in the mice. Data are expressed as mean + SEM, (n= 5). * 


**D<().0001, 


Articles from Research in Pharmaceutical Sciences are provided here courtesy of Medknow Publications 


